Introduction
In recent years the Portuguese economy has faced the reinforcement of two major trends: the ageing of its population 1 and the desertification of the interior (in-land) regions. As most developed countries Portugal has an ageing society. Health improvements and better quality of life allow people to live longer; modern lifestyle and increasing female participation in labour markets tend to delay maternity and decisions on the number of children. On the other hand an increasing migration from the interior (less developed) to the littoral (more developed) regions and from rural to urban areas 2 (with higher job opportunities and better living conditions) has led to the desertification of many interior regions (and mainly the rural ones, where population is older and less qualified), often described as "depressed regions" 3 .
These trends have important consequences on the growth potentials of the Portuguese regions. The systematic reduction of the proportion of the working age population in the interior regions has negative consequences on the creation of economic activities, demand is depressed and this is an important handicap not only for attracting business activities but also for investing in basic infrastructures. On the other hand, as people concentrate on large urban areas in the littoral there is strong demand for public infrastructures especially on education and health sectors.
These economic disparities have important consequences on the access to education and health care, two very important aspects of wellbeing. While there have been some efforts to assure generalized access to primary and secondary education services in all the 1 The ageing of population may be defined as the increase over time of the share of people aged 65 and over in the total population of a given area. Given this definition, ageing depends not only on the increase of the elderly but also on the decrease of young people. In Portugal the share of population aged 65 and over was 17.1% in 2006 against 14.9% in 1996. In predominantly rural areas this share was 22.7% in 2006 (Eurostat, 2010) .
2 Urban population has increased steadily in last decades: it was 29.4% in 1980 and 55.1% in 2005 (Campos, 2008) . This phenomenon gives rise to many challenges to deal with, such as the access to basic infrastructures on health, education, transport, security or environmental quality, necessary for a sustainable growth of urban zones.
3 According to INE (2009) , there is a significant heterogeneity in population density between urban areas.
Contrasting with the littoral urban areas, some capital districts of the interior (Bragança, Guarda, Portalegre, Évora and Beja) have a very low population density (bellow 100 inhabitants per km2).
Portuguese regions, which reflected in a reduction of regional educational disparities in the last years (INE, 2009 ), the same is not true in what concerns health care. In fact the geographical distribution of health resources is one important issue when we consider health inequalities 4 and it can be a severe restriction to health care access, mainly to the elderly, to whom transport cost and lack of mobility are severe constraints for health care utilization (Santana, 2000) . Although relevant improvements were achieved over the last years, and despite the universal and equity goals of the National Health Care System (NHS) 5 , there are still inequalities in health services that affect people's lives and their strength to be more productive. One key finding of the World's Health Organization 2010
report (WHO, 2010) on Portuguese health system performance that clearly illustrates this situation is that life expectancy is shorter in the less populated and less urban regions of
Portugal.
In what concerns human resources in the health sector, although Portugal has already a number of physicians (per million inhabitants) close to the European average at the end of the period under analysis 6 , its distribution is far from being balanced. Indeed once more interior regions face a lack of practicing physicians and specialists. However, this is not exclusively a problem of the interior districts. The huge increase of urban population has led to a shortage of family doctors on some Lisbon areas, Setúbal, Oporto and Braga.
On the other hand, the expected retirement of many physicians will make this problem more severe. According to Doorslaer et al. (2004) , Portugal is one of the OECD countries where access to doctors and to specialists is more difficult. In fact one feature of the NHS is still the existence of barriers to health care provided by public services, with more than 700 thousand residents without family doctor in 2005 (Campos, 2008) . However, this is 4 However, it is important to note that health inequalities may be caused by other reasons, different from geographical ones. To better understand the notion of health inequalities it is worth mentioning that there are different (health) equity concepts (Pereira, 1993) . One possible definition refers to "equal resources' access for the same needs" and it takes place when all the consumers, in all districts, have access to the same services at the same cost, both in transport cost and time loss. This definition implies a positive discrimination towards those more disfavored, assuring that they will attend the health care they need (Giraldes, 2002) . Social gradients, income and education are among the main determinants of health inequalities (Graham and Kelly, 2004; Marmot, 2005 not exclusively a problem of the interior districts. As Or et al. (2008) point out, given that there is evidence of a significant link between national or regional health disparities and the amount of medical resources, it is important to note that, if physicians are scarce, access to care will be more difficult for those with socioeconomic disadvantages (due, for instance, to time and mobility costs).
During the period under analysis, and namely in the recent past years, the closure of several primary care emergency services was one of the most polemic government's decisions that caused a great displeasure among local population, justified by efforts to reduce health expenses and to improve at the same time health care efficiency. To a lesser extent the same has happened in some primary schools. Although these decisions were motivated by efficiency goals and cost reduction policies, we may assume that they have consequences on the human capital efficiency affecting regional economic performance.
The increasing returns to scale in these sectors (education and health) can compensate the diminishing returns of physical capital and lead to higher growth, at least in the long-run analysis.
Having this in mind, and in line with the recent growth literature, we pretend to highlight the role of human capital (in a broader perspective that includes both education and health) as a conditioning factor of regional growth. In order to avoid omitted variable bias, physical capital and workforce population are also included in the growth regressions using a panel data approach.
The paper is organized as follows. Section 2 reviews some of the existing literature on regional growth. In sections 3, the model, the methodology and the data used are explained, respectively. Section 4 presents and discusses the empirical results from the growth regressions. The final section concludes the main findings and suggests some policy recommendations.
Literature review
Regional growth and the process of convergence have received an increasing interest since the 1980s. Some pioneering works on this area are due to Aschauer (1989) and Barro (1991) that tried to relate public investment with economic growth.
Other well known references on regional economic growth are Barro and Sala-i-Martin (1992) that, using a neoclassical growth model to study the convergence process across when it appears as a stock variable (proxied by the share of working-age population with secondary and university studies). They also found that public investment in education is not significant to explain regional growth, a common result in similar empirical studies.
Riviera and Currais (2004) also analyzed the Spanish regions to identify how the composition of the health spending affects regional productivity over the period . Using a panel data framework they found that both education and health capital are not significant in explaining the convergence process between the 17 Spanish regions.
These results, as the authors pointed out, may reflect the fact that the returns of investment in education and health infrastructures emerge only some years later.
Benos and Karagiannis (2009) studied the Greek economy (at NUTS3 level) for the period 1981-2003 and analyzed the relation between education, health and economic growth using random effects and GMM regressions. Their empirical work shows that health care resources (measured by the number of medical doctors) are important predictors of regional economic growth. When they estimated growth equations for poor and rich regions they found that while for poor regions health is more important for growth than education, the opposite is true for the richer ones. Taking into account these results, the authors suggest that policy-makers should invest on education and healthcare, proportionally more in education in wealthier regions and in health in poor ones to enhance higher growth. that geographical proximity, a common boundary, similar physical and human capital endowments, economic centrality and market dimension play an important role explaining the similarity in productive structures at this regional level.
Martins and Barradas (2009) develop policies aiming to invert the deindustrialization tendency by reallocating resources to industry and manufacturing (tradable sectors) in order to achieve higher regional growth in Portugal.
In all the above studies health factors have not been considered in great deal to explain growth. One of the reasons that may partly explain the lack of studies that consider health capital for explaining regional growth is the shortage of health data at a regional (district) level. Our study aims to fill this gap by considering 18 Portuguese districts 7 , since this is the level recommended as appropriate to analyze health related conditions and inequalities (Oliveira and Bevan, 2003) .
The Model, Methodology and Data used
The model
In this study we employ a standard Barro's growth model, initially proposed by Mankiw, Romer and Weil (1992) , that includes physical and human capital as the main sources of growth. Human capital is influenced by both education and health factors that increase its productivity. The model assumes increasing returns to scale stemming from the broader notion of human capital that compensate the decreasing returns of physical capital accumulation as the Solow's model defined. Having in mind the need to control for individual effects (Islam, 1995) , we use a panel data set that includes all the 18
Portuguese districts (also classified as health sub-regions) over the period 1996-2006, where data is available for all units 8 .
The estimated growth equation can be specified as follows: annual growth rate of per capita income 9 of the district i at time t. Since we have no data on income at districts level, we had to make some adjustments from the existing data for NUTS3 regions, as explained in the Appendix (Table 1) 
Data explanation and expected results
The first explanatory variable is the log of initial per capita income (lagged one period) known as the convergence factor. If a negative and statistically significant relation is established between the growth of per capita income and its initial level then the convergence hypothesis is confirmed meaning that poor regions grow faster than the richer ones (Barro and Sala-i-Martin, 2004 ).
The standard growth regressions usually take into account the population growth rate.
Since one main demographic characteristic of the Portuguese regions is the ageing of its 12 This data is available at Direcção Geral de Geologia e Energia -DGE (www.dgge.pt). Since data on capital stock is not available, energy consumption can be used as a proxy to capture capital intensity. 13 The last three variables aim to measure the health status of the population and the data source was Direcção Geral de Saúde (DGS), Elementos Estatísticos reports (several years), all available at www.dgs.pt.
14 Table 2 in Appendix shows the description and the source of the variables used in our empirical analysis. Tables 3, 4 and 5 show some descriptive statistics of the variables used in our empirical analysis for all districts, for the littoral districts and the interior ones, respectively.
population (more pronounced in the interior and rural regions), it is pertinent to evaluate its impact on regional growth. It is expected a negative correlation between the growth of per capita income and elderly population since this fraction stays out of work and health expenses and social benefits are higher with respect to this population. On the other hand, the higher the elderly population the lower the fertility rate and this is a serious handicap for the modern economies. In an alternative specification of the model, instead of Popover65 i,t we use the proportion of working age population (WorkagePop i,t ) and the dependency ratio (Dependency i,t ), which gives the proportion of dependent people (not at working age, under 15 and with 65 or more years old) relative to economically active population (people between 15 and 64 years old).
Employment is a factor of production and thus it may contribute to growth and development. The number of workers on business establishments is used to measure the impact of employment on regional growth. These data are available on Quadros de
Pessoal and the differences are once more significant between the littoral and the interior districts, as can be seen on Table 6 in the Appendix. Job creation is higher in the littoral (the more developed regions) attracting a significant proportion of active population. This employment factor captures not only the potential of labour markets but also the dynamics of business activities in each district. As a proxy for physical capital at the district level we used total electricity consumption (all sectors of activity) by district. We expect that both Employ and Energy have a positive impact on regional growth.
Another important factor strongly related with income is the access to education. It is worth mentioning that educational asymmetries (mainly at primary and secondary levels) have been significantly reduced in the last decades, as the statistics of INE (2007) show.
The success rate in secondary school is used as proxy for human capital qualifications 15 .
It is expected that educational rate affects positively regional growth as human capital theory predicts.
In what concerns the health sector, Portugal has made strong efforts to improve health standards through the NHS. Remarkable results have been achieved in the increase of life expectancy and the reduction of infant mortality rate and Portugal is among the top of the 15 Since data on scholar success rate in high school is only available at the NUTS3 level, the same adjustments were made as with income per capita for the districts, explained in the Appendix.
European countries with the best rates on this last indicator 16 . Despite of the progress made in the health sector, several studies point out Portugal as the country with more inequalities on the access to health care (Doorslaer et al., 2004; Looper and Lafortune, 2009 ) and the most recent WHO (2010) report also evidenced this problem. In our model, and having in mind the availability of health data at the districts level, we use three proxies to evaluate the status of the health sector in Portugal: (i) the birth rate, considered as a key factor of a sustainable demographic growth of a country in the long run, showing a strong downward trend that makes Portugal one of the European countries with the lowest birth rates (Eurostat, 2010a) ; (ii) the number of per capita medical prescriptions and (iii) the number of inhabitants per doctor. The impact of the second health proxy on growth is dubious. Higher medical prescriptions could imply better treatments and higher access to medical care having positive effects on growth. On the other hand, it could mean a less healthy population influencing negatively economic growth. The estimation approach will identify the predominant impact. The third health proxy (Doctratio) is a measure of the availability of human resources in the health sector.
The higher the ratio of inhabitants per doctor the less are the medical resources available and the access to health services is more difficult (especially for those with lower socioeconomic status, as Or et al. (2008) note). It is expected that this variable has a negative impact on growth.
In order to highlight socioeconomic disparities between the interior and the littoral districts, Table 6 in the Appendix summarizes the data used in the growth model to estimate. As can be seen, differences are significant between these two geographical areas and thus justify the estimation of two separate growth models. There are several methods available to panel data estimations, and the first step is to decide whether fixed or random effects are more appropriate. In our model the random effects hypothesis is not a good choice because it assumes that unobserved individual effects are not correlated with the explanatory variables, which is not a reasonable assumption when we are analyzing regions with large asymmetries. Performing the Hausman test we confirmed that the fixed effects model is the most appropriate.
A problem with the estimation of the growth model is the endogeneity of the regressors which is pertinent in the case of the lagged per capita income. Another source of endogeneity is due to reverse causality between income, education and health 17 . If we ignore this problem the obtained estimates will be biased and inconsistent. According to Bond et al. (2001) , the use of difference GMM techniques avoids the problem of omitted variables that are constant over time (unobserved individual-specific effects) and so estimates will no longer be biased. On the other hand, the use of instrumental variables allows parameters to be estimated consistently in models that include endogenous righthand-side variables even in the presence of measurement error. Having this in mind, we report results estimating the growth equation by fixed effects and GMM as more appropriate to the dynamic panel models. The comparison of the results will show the dimension of bias and inconsistency due to the endogeneity problem.
Having observed significant differences between the interior and the littoral districts we also want to implement two different estimations with respect to these two distinct areas 18 . However, since this division results in a small number of regions (small N) and total observations (T is also low), GMM methods are no longer an option (Bond et al., 2001) . When the time series are persistent and the number of time series observations is small, the first difference GMM is poorly behaved because lagged levels of variables are weak instruments for subsequent first-differences. Therefore, in this case we only report results from fixed effects estimations.
We used the Wooldridge test for checking the problem of serial correlation in the fixed effects models and the null hypothesis of error independence was not rejected. We also 17 These problems are discussed, respectively, by Arellano (2003) and Rivera and Currais (1999) . 18 As explained before, using this geographical criterion is almost equivalent to distinguishing between rich and poor regions (with a per capita income above and below the country's average, respectively).
performed a Likelihood-ratio test to check for homoskedasticity which confirmed not to be the case; therefore we report robust standard errors in the estimations.
Empirical Results
We start our empirical analysis by presenting the results from the estimation of growth models at a district level using panel data for the period 1996-2006. Table 7 in the Appendix reports the outcomes emerged from fixed effects regressions (the first three columns) and GMM regressions (the last three columns).
The first aspect to notice is that the coefficient of the initial per capita income (convergence factor) is negative and statistically significant in all regressions and this is evidence that a convergence process has been taking place across the Portuguese districts.
In what concerns the fixed effects regressions, with the exception of Birth i,t (with no statistical significance), all the explanatory variables considered in the growth regression have their expected sign and show statistical significance, except Education i,t , and
WorkagePop i,t . It was not possible to establish a significant correlation between income growth and education although this variable carries its expected sign. This can be partly explained by the kind of information given by the proxy used for education (transition/conclusion rate of secondary school), more quantitative than qualitative.
Although WorkagePop i,t has no statistical significance in Model (2), and so it doesn't add much explanatory power to models (1) and (3), we opted to report it for allowing a direct comparison with the obtained GMM results.
The most significant factors affecting districts' growth are related with energy consumption (proxy for capital stock) and health factors (significant at the 1% level). As expected energy consumption is positively related to districts' growth. As we explained before this variable aims to capture the effects of potential business dynamics on growth, which is confirmed in this regression. In the absence of data on capital stock, energy consumption can be considered a good proxy, highly associated with the accumulation of investment goods. Per capita medical prescriptions have a negative impact on districts income growth favoring the view that this variable reflects a less healthy population which affects labour strength and involves higher health expenses. The ratio of inhabitants per doctor also has a negative impact on growth, as expected. This can be taken as evidence that a shortage of human resources in the health sector to satisfy the health needs of the districts' populations has negative consequences on growth.
As expected, ageing population also affects negatively (significant at the 5% level) the districts' growth, being a serious shortcoming and suggesting that incentives are needed to increase fertility and reverse the ageing tendency of the population. According to OECD (2010) , Portugal has the 8th oldest population in the world and this has negative consequences not only on income, but also on the labour market efficiency and above all on higher health and social costs.
In the GMM estimations we opt to exclude the Employ i,t variable since it had (once more) no statistical significance and to avoid a larger number of instruments. Instead of using Ageover65 i,t , we opt to consider the ratio of the working age population (WorkagePop i,t ), aiming to capture to some extent the impact of the working force potential availability (models (1) and (2)) and, alternatively, the impact of an ageing population (proxied by the dependency ratio) on regional growth.
GMM results confirmed the convergence process among the Portuguese regions, showing a higher speed of convergence (a common result in GMM estimations). They also highlight the importance of the energy consumption and the demographic structure as good predictors of regional growth (although loosing some statistical significance in some of the models). In fact, energy consumption and birth rate positively affect regions' growth in Portugal. An important result to notice, when comparing with the fixed effects results, is that the Birth i,t variable gains explanatory power (at the 1% level), pointing out once more the economic importance of the population structure in a country's performance. Portugal has one of the lowest fertility rates of the EU-27 (1.33 in 2007
against an average rate of 1.55 in EU-27, according to Eurostat (2010) ) and, as the INE (2011) GMM regressions also confirmed the negative impact of prescriptions and doctors ratio on regional income growth. Regarding the prescription variable's marginal impact and statistical significance, they are very similar with that found in the fixed effects regressions. With respect to doctors' ratio, the magnitude of its impact on growth is higher than in the fixed effects regression but its significance level is lower. There is also evidence, from Model 3, of the negative impact of the dependence rate on regional growth, which is an expected result. Since the fertility rate in Portugal is very low, the 19 A fertility rate level of 2.1 is assumed as ensuring the replacement of the previous generation and so allowing for the population stability.
increase in the dependency rate is mainly due to the ageing of the population. This trend involves higher health and social security costs which affect negatively growth performance in Portugal. Table 8 in the Appendix presents separate growth regressions for the littoral and the interior districts. The aim is to verify whether there are differences in the growth processes between these two main areas, the littoral being more developed than the interior.
Empirical evidence from the littoral and interior districts
Our results evidence that the convergence factor (lagged per capita income) is one of the most significant for both groups of regions. However, the speed of convergence is higher among the interior districts than in the littoral ones. Therefore, different forces are in action to bring the economies closer to each other.
The energy consumption is another significant factor in the distinct areas. Energy consumption affects positively both areas, but its marginal impact and significance level are higher in the interior districts. In what respects the employment factor in business establishments, it is shown to be significant and positively affecting regional growth, only in the districts of the interior. It is important to notice that the same variable was not significant in the regressions where all the districts were considered. In what concerns the role of education, once more it was not possible to find any significant evidence of the relevance of this variable.
These results also evidence that health factors play a different role in the two distinct areas. While for the littoral districts the determining health factor is per capita prescription (with a negative impact and significance at the 1% level), for the interior districts the birth rate is the most relevant factor (at the 5% level) affecting districts growth. This is an expected result, knowing that the proportion of elderly population is higher and the birth rate is lower in the interior. In spite of having significance only at the 10% level, the prescription variable is also important to explain regional growth in the interior area, with its negative impact on regional growth. As in all the other cases, this result shows the harmful consequences of a less healthy population on regional growth performance. Despite of the fact that the doctors' ratio has its expected negative impact on regional growth, it is found to be significant only in the littoral zone, the more populated area with higher needs for health care.
Although the results of the separate main areas at the district level are interesting, the conclusions should be interpreted with caution due to the small sample size considered in these panel regressions.
Conclusion
In this study our main aim was to provide additional evidence on the determinants explaining regional growth in Portugal. Having in mind two main trends of the Portuguese economy -the ageing of the population and a strong dichotomy between littoral (the most developed regions) and the interior (the "depressed" regions) -and their consequences on the demand for public health care services, we estimated a growth model that takes into account factors related to health care, in addition with other demographic and economic determinants.
The estimation approach is based on panel regressions that more properly control for specific differences between the analyzed districts. Separate growth equations are used to explain different growth performance of the littoral (the developed districts) and interior (the less developed ones) with distinct socio-economic characteristics. GMM estimations for the whole sample take into account the endogeneity problem of some regressors.
In spite of some data restrictions that conditioned our empirical analysis and in a certain way may weaken our results, we can still make interesting inferences. Besides the expectable significant impact of the convergence factor, we find that proxies for the economic activity such as energy consumption play an important role in explaining the districts' growth process.
Our evidence also shows that demographic and health factors play a critical role on regional growth. As expected, the ageing of population, reflected by an increase of the dependency ratio, has a significant negative impact on regional growth and this impact will be stronger in the long run if measures are not taken to improve the fertility rate.
Therefore, policy-makers should pay much more attention to this issue. Reducing cost strategies that affect fertility rates are not efficient and will be costly in the future. On the contrary, incentives to increase fertility and reverse the ageing tendency of the population are urgent. Our results confirm a positive and significant impact of an increase in the birth rate on districts' economic growth.
We also evidence that the availability of doctors and the per capita prescriptions (this last one can be seen as a proxy for population's health status) are good predictors of regional growth. The higher ratio of inhabitants to doctors reflects more difficulties in accessing health care services and this is a common problem to most rural and more isolated areas but also to the more populated urban areas. This result also points out the need to develop policies with the aim to assure basic health care to those who need more. On the other hand, the significant and negative impact of medical prescriptions (that affects especially the littoral) can be taken as evidence of the "unhealthy" status of the population and this should also be a matter of concern.
Lastly, it was not possible to obtain evidence of a relevant relationship between district's growth and education. One explanation could be the adequacy of education data. The other could relay on the fact that health status predominates in explaining regional growth.
Appendix
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The dependent variable is the annual growth rate of per capita income. *, **, *** denote coefficient statistically significant at the 10%, 5% and 1% level, respectively.
Numbers in brackets are t-ratios. Hausman tests random effects against fixed effects.
Hansen test is the test of over-identifying restrictions in the GMM estimation. AR(2) is the Arellano and Bond test for second order serial autocorrelation in first differences. 
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Notes: The dependent variable is the growth rate of per capita income. *, **, *** denote coefficient statistically significant at the 10%, 5% and 1% level, respectively. Numbers in brackets are t-ratios. Hausman tests random effects against fixed effects.
